M  Technical  Paper  313 


c 


DEPARTMENT  OF  THE  INTERIOR 

ALBERT  B.  FALL,  Secretary 
BUREAU  OF  MINES 

H.  FOSTER  BAIN,  Director 


^^RO! 


)DUCTI0N  OF  EXPLOSIVES  IN  THE 
UNITED  STATES 

DURING  THE  CALENDAR  YEAR  1921 

WITH  NOTES  ON  MINE  ACCIDENTS  DUE  TO  EXPLOSIVES 


BY 


WILLIAM  W.  ADAMS 


WASHINGTON 

GOVERNMENT  PRINTING  OFFICE 

1922 


The  Bureau  of  Mines,  in  carrying  out  one  of  the  provisions  of  its  organic  act — to 
disseminate  information  concerning  investigations  made — prints  a  limited  free  edition 
of  each  of  its  publications. 

When  this  edition  is  exhausted,  copies  may  be  obtained  at  cost  price  only  through 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  C. 

The  Superintendent  of  Documents  is  not  an  official  of  the  Bureau  of  Mines.  His  ia 
an  entirely  separate  office  and  he  should  be  addressed: 

Superintendent  of  Documents. 

Government  Printing  Office, 

Washington,  D.  C. 

The  general  law  under  which  publications  are  distributed  prohibits  the  giving  of 
more  than  one  copy  of  a  publication  to  one  person.  The  price  of  this  publication  is 
5  cents. 

First  edition,  May,  1922. 


*■ 


* 


CONTENTS. 


Introduction 1 

Classification  of  explosives 2 

Acknowledgments 2 

Scope  of  statistics 3 

Production  and  distribution  of  explosives 3 

Black  blasting  powder 4 

High  explosives 5 

Permissible  explosives 5 

Explosives  in  coal  mining 10 

Mine  fatalities  due  to  explosives 14 

Ammonium  nitrate  in  permissible  explosives 19 

Monthly  sales  of  explosives 19 

Exports  of  explosives,  1913-1921 20 

Publications  on  investigations  of  explosives 24 

Publications  available  for  free  distribution 24 

Publications  that  may  be  obtained  only  through  the  Superintendent  of 

Documents 25 

in 


Digitized  by  the  Internet  Archive 

in  2011  with  funding  from 

University  of  Toronto 


http://www.archive.org/details/technicalpaper313unit 


PRODUCTION  AND  DISTRIBUTION  OF  EXPLOSIVES  IN 
THE  UNITED  STATES  DURING  THE  CALENDAR  YEAR 
1921.1 


By  William  W.  Adams. 


INTRODUCTION. 

The  quantity  of  explosives  sold  in  the  United  States  during  the 
calendar  year  1921  was  lower  by  more  than  30  per  cent  than  the 
amount  sold  in  1920.  Reports  received  by  the  Bureau  of  Mines 
show  that  the  total  sales  amounted  to  372,107,503  pounds,  as  com- 
pared with  537,954,750  pounds  the  year  before.  Of  the  total  amount 
sold  160,021,250  pounds  (43  per  cent)  was  black  blasting  powder, 
170,952,402  pounds  (45.9  per  cent)  "high"  explosives  other  than 
permissible  explosives,  and  41,133,851  pounds  (11.1  per  cent)  permis- 
sible explosives.  As  compared  with  the  preceding  year  these  figures 
indicate  a  reduction  of  37.2  per  cent  in  sales  of  black  powder,°25.4 
per  cent  in  "high"  explosives,  and  23.8  per  cent  in  permissibles. 
Permissible  explosives  are  those  that,  because  of  having  passed  certain 
tests  prescribed  by  the  Bureau  of  Mines,  are  considered  reasonably 
safe  for  use  in  gaseous  and  dusty  coal  mines. 

The  coal-mining  industry  is  always  the  largest  consumer  of  black 
powder  and  permissible  explosives,  the  consumption  usually  com- 
prising about  85  per  cent  of  the  entire  amount  manufactured.  In 
1921  the  coal  mines  used  5,613,435  kegs,  or  140,335,875  pounds,  of 
black  powder,  34,231,542  pounds  of  "high"  explosives,  and  38,055,650 
pounds  of  permissibles,  representing  decreases  of  36  per  cent,  8  per 
cent,  and  16  per  cent,  respectively,  as  compared  with  1920. 

Metal  mining  and  all  other  mining  operations  (excluding  coal)  used 
184,792  kegs,  or  4,619,800  pounds,  of  black  powder,  50,977,366  pounds 
of  "high"  explosives,  and  881,710  pounds  of  permissibles,  indicating 
decreases  of  47  per  cent,  43  per  cent,  and  76  per  cent,  respectively 
below  the  year  1920. 

Railroad  and  other  construction  work  was  the  only  branch  of 
industry  using  a  larger  quantity  of  any  kind  of  explosives  than  in 
1920.     This  class  of  work  consumed  18,317,333  pounds  of  dynamite 
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and  other  high  explosives  as  compared  with  15,052,608  pounds  the 
year  before,  but  there  was  practically  no  change  in  the  quantity  of 
permissibles,  while  the  consumption  of  black  powder  declined  from 
196,172  kegs  in  1920  to  163,688  kegs  in  1921. 

The  quantity  of  explosives  used  for  miscellaneous  purposes  fell 
off  49  per  cent  for  black  powder,  59  per  cent  for  permissibles,  and  23 
per  cent  for  other  high  explosives. 

Pennsylvania,  as  usual,  was  by  far  the  leading  State  in  the  con- 
sumption of  explosives,  having  used  21,458,135  pounds  of  permissible 
explosives,  37,809,025  pounds  of  high  explosives  other  than  permis- 
sible, and  1,394,869  kegs  of  black  blasting  powder.  West  Virginia 
was  second  in  the  use  of  permissible  explosives,  with  a  consumption 
of  6,740,025  poimds;  Illinois  was  third,  with  3,169,854  pounds; 
and  Alabama  was  fourth,  with  2,580,053  pounds.  In  the  use  of  high 
explosives  other  than  permissible,  Michigan,  with  a  consumption  of 
11,745,511  pounds,  ranked  second  to  Pennsylvania;  California  was 
third,  with  11,265,854  pounds;  New  York  was  fourth,  with  8,847,810 
pounds;  Minnesota  was  fifth,  with  6,550,971  pounds;  and  Missouri 
was  sixth,  with  6,127,477  pounds.  Illinois  ranked  next  to  Pennsyl- 
vania in  the  consumption  of  black  blasting  powder,  having  used 
1,316,834  kegs. 

CLASSIFICATION  OF  EXPLOSIVES. 

The   figures   tabulated  herein  are  classified  as  follows; 

1.  Black  Masting  powder. — All  black  powder  with  sodium  or  po- 
tassium nitrate  as  a  constituent  is  here  classified  as  black  blasting 
powder. 

2.  High  explosives. — Dynamite  and  all  other  high  explosives  of 
various  trade  names  and  compositions,  except  permissible  explosives, 
are  put  in  this  class. 

3.  Permissible  explosives. — In  this  class  are  included  ammonium 
nitrate  explosives,  hydrated  explosives,  organic  nitrate  explosives, 
and  certain  nitroglycerin  explosives  containing  an  excess  of  free 
water  or  carbon.  All  permissible  explosives  have  passed  certain  tests 
of  the  Bureau  of  Mines  and  are  not  to  be  regarded  as  permissible 
unless  used  in  the  manner  specified  by  the  bureau.2 
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2  Hall,  Clarence,  Snelling,  W.  O.,  and  Howell,  S.  P.,  Investigation  of  explosives  used  in  coal  mines,  with 
chapter  on  the  natural  gas  used  at  Pittsburgh,  by  G.  A.  Burrell,  and  an  introduction  by  C  E.  Munroe: 
Bull.  15.  Bureau  of  Mines,  1912, 197  pp.  Hall,  Clarence,  and  Howell,  S.  P.,  Tests  of  permissible  explosives: 
Bull.  66,  Bureau  of  Mines,  1913, 313  pp. 
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SCOPE  OF  STATISTICS. 

The  data  for  1921  presented  in  this  publication  are  based  on  the 
reports  of  sales  of  explosives  by  26  manufacturers.  Of  these  com- 
panies, 21  reported  sales  of  black  blasting  powder,  21  of  high  explo- 
sives, and  19  of  permissible  explosives.  Some  of  the  manufacturers 
operated  more  than  one  plant,  so  that  the  number  of  companies  does 
not  indicate  the  number  of  operating  plants.  Several  companies 
reported  their  plants  as  idle  during  the  year. 

Reports  of  manufacturers  of  ammunition  and  fireworks  are  not 
included  in  this  publication,  because  the  majority  of  such  companies 
purchase  their  explosives  from  the  manufacturers  whose  production 
has  been  included  in  the  tables  herein  presented.  Nor  does  this 
publication  include  the  production  of  nitroglycerin,  except  in  so  far 
as  nitroglycerin  is  used  in  the  manufacture  of  other  explosives. 

PRODUCTION  AND  DISTRIBUTION  OF  EXPLOSIVES. 

The  quantity  of  each  of  the  three  main  classes  of  explosives  used 
in  each  State  during  the  calendar  years  1920  and  1921  is  shown  in 
Table  1.  While  the  decrease  in  the  use  of  explosives  in  1921  was 
fairly  general  throughout  the  country,  it  will  be  noted  that  condi- 
tions remained  nearly  normal  in  the  States  of  California,  Illinois, 
Indiana,  New  York,  Pennsylvania,  and  Florida. 

Table  1. — Amount  of  explosives  (excluding  exports)  manufactured  in  the  United  States 
and  used  in  the  various  States  during  the  calendar  years  1920  and  1921. 


State. 


Black 
blasting 
powder. 


High  explo- 
sives other 
than  per- 
missible. 


Permissible 
explosives 


Black 
blasting 
powder. 


High  explo- 
sives other 
than  per- 
missible. 


Permissible 
explosives. 


Alabama... 

Alaska 

Arizona.... 
Arkansas... 
California.. 
Colorado. .. 
Connecticut 
Delaware . . 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky.. 
Louisiana . . 
Maine 


140, 259 

193 

17, 154 

117,814 

65,547 

107, 8S2 

667 

63 

3,302 

7,500 

19, 775 

1,952,091 

1,175,434 

339,502 

377, 596 

845,420 

533 

2,516 


Pounds. 
7,220,796 
3, 360, 700 
10, 182, 462 
2, 740,  716 
11,959,043 
4,400,425 

555,900 

52,300 

2,061,735 

916, 243 
3, 955,  905 
5, 154, 102 
2, 418, 722 
2,101,812 
6,489,070 
2, 274,  548 

822,403 

656,825 


Pounds. 

4,068,974 

4,300 

294,950 

208,556 

1,095 

966, 875 

150 


157,600 

80,650 

550 

3,398,167 

618, 270 

64,820 

75,990 

1,416,522 

178,150 


Kegs. 

127, 726 

213 

7,866 

59, 101 

67,442 

72,623 

584 

83 

1,300 

7,063 

8,951 

1,316,834 

7S5, 104 

244,084 

208, 045 

465, 607 

72 

1,503 


Pounds. 
3,729,954 
1, 734, 650 
4, 138, 071 
2,133,065 
11,265,854 
3,311,252 

597,015 

47,093 

2, 359, 325 

444,028 
2,661,165 
4, 774, 887 
2,431,374 
2, 047, 464 
4, 266, 383 
2,079,211 

850,061 

584,442 


Pounds. 

2,580,053 

43,300 

1,250 

127,987 

23,700 

696,000 


250 
117,300 


3,169,854 

474,313 

4,350 

32,016 

1,116,375 

156,750 
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Table  1. — Amount  of  explosives  (excluding  exports)  manufactured  in  the  United  States 
and  used  in  the  various  States  during  the  calendar  years  1920  and  1921 — Continued. 


State. 


Maryland  and  District  of 

Columbia 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

R  hode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Wasliington 

West  Virginia 

Wisconsin 

Wyoming 

Total , 


Grand  total  (pounds). . 


Black 
blasting 
powder. 


Kegs. 

55,042 

6,223 

20, 665 

182, 922 

1,431 

225,410 

131, 506 

3,260 

40, 827 

503 

2,582 

23,596 

16,294 

17, 168 

33,487 

719, 549 

198, 867 

36,444 

1,928,141 

290 

1,225 

1,553 

196, 6S5 

61, 638 

27, 729 

5,135 

134, 182 

53,173 

737, 538 

2,638 

156,242 


al0,195,193 
b  254, 879, 825 


High  explo- 
sives other 
than  per- 
missible. 


Pounds. 
1,458,006 

574, 867 
22, 891, 830 
10,644,333 

899, 185 
7, 565,  792 
5, 198, 495 

270, 825 
3,363,075 

224, 275 
2, 481,  757 
3,010,360 
7,444,671 
1, 929, 759 

3S1, 190 

6, 608, 435 

10, 274, 443 

4, 343, 277 

39,090,227 

88,800 

434,211 

958, 025 
2, 858, 252 
1,919,840 
3, 182, 100 

367, 125 
2, 944, 654 
7,987,650 
5,331,843 
6,558,825 

502, 250 


229,112,084 


Permissible 
explosives. 


Pounds. 
263, 900 


7,750 
5,600 

91,390 
219, 375 

38, 200 
3,200 
3,000 


3,275 

720, 450 

545, 340 

8,750 

400 

237, 737 

1, 052, 675 

3,200 

23, 562, 772 


500 

10, 500 

506, 370 

230, 963 

3,275,430 


819, 500 

879, 150 

9, 402,  645 

2,100 

533, 050 


53, 962, 841 


537,954,750 


Black 
blasting 
powder. 


Kegs. 

10,082 

4,146 

6,941 

112,417 

2,984 

138, 333 

74,917 

3,382 

3,897 

267 

1,793 

7,704 

6,420 

21,645 

30, 154 

311,970 

76. 704 

26. 705 
1,394,S69 

209 

1,714 

2,851 

108, 909 

35, 927 

12, 680 

232 

62, 753 

44,478 

413, 634 

3,790 

104, 142 


o6,400,850 
6160,021,250 


High  explo- 
sives other 
than  per- 
missible. 


Permissible 
explosives. 


Pounds. 

852,497 

568, 730 
11,745,511 
6, 550, 971 

713,215 
6,127,477 
2. 607, 757 

167, 920 
2,113,800 

146, 100 
1,740,170 

533, 550 
8,847,810 
1,524,595 

274,  725 
5, 197, 631 
5,035,806 
3,781,745 
37, 809, 025 
75, 275 

339, 400 
1,295,240 
2, 323, 985 
1, 828, 489 
2,591,780 

294,150 
2,531,574 
5, 743, 941 
3, 361, 061 
4,343,137 

430, 041 


170,952,402 


372,107,503 


Pounds. 
52,000 
900 
31,000 


11,500 
121,200 

26,360 
250 
650 


3,625 

3S8, 250 

414, 000 

3,850 

4,350 

54, 069 

413, 004 

2,650 

21,458,135 


235, 575 
84, 750 
S98, 850 


387, 625 

769, 335 

6, 740, 025 

500 

487, 900 


41,133,851 


Quantity  used  for: 

Coalmining 

Other  mining 

Railway   and   other 

construction  work. 

All  other  purposes... 

Total 


,790,505 
347, 223 

196,172 
861, 293 


37,273,255 
89,132,316 

15,052,608 
87, 653, 905 


10,195,193     229,112,084 


45, 222, 130 
3,750,585 

266, 505 
4, 723, 621 


5,613,435 
184, 792 

163, 688 
438, 935 


53,962,841 


6,400,850 


34, 231, 542 
50,977,366 

18,317,333 
67, 426, 161 


170,952,402 


38,055,650 
881, 710 

262, 545 
1,933,946 


41, 133, 851 


<*  Kegs  of  25  pounds. 
b  Pounds. 


BLACK    BLASTING    POWDER. 


Sales  of  black  blasting  powder  in  1921  fell  to  a  lower  level  than 
in  any  previous  year  for  which  annual  statistics  have  been  compiled, 
the  first  year  covered  by  the  figures  being  1912.  Not  only  is  this 
statement  true  for  the  total  amount  of  powder  used,  but  it  is  also 
true  for  each  of  the  four  classes  of  industry  into  which  consumers  of 
black  powder  have  been  segregated. 

Of  the  total  quantity  of  black  powder  sold  in  1921,  coal  mines 
used  5,613,435  kegs,  or  87.7  per  cent;  other  kinds  of  mining  used 
184,792  kegs,  or  2.9  per  cent;  railway  and  other  construction  work 
used  163,688  kegs,  or  2.5  per  cent;  and  438,935  kegs,  or  6.9  per  cent, 
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were  used  for  all  other  purposes.  The  number  of  kegs  used  in  these 
four  classes  of  work,  when  compared  with  the  amount  used  in  1920, 
represents  a  reduction  of  36  per  cent  for  coal  mining,  47  per  cent  for 
other  mining,  17  per  cent  for  construction  work,  and  49  per  cent  for 
miscellaneous  purposes.  As  so  large  a  part  of  all  black  powder  sold 
in  the  United  States  is  used  in  coal  mining,  the  reduction  in  the 
quantity  used  in  1921  largely  reflects  a  loss  of  24  per  cent  in  the 
production  of  coal  during  the  year,  the  output  of  coal  having  declined 
from  653,300,000  tons  in  1920  to  494,500,000  tons  in  1921. 

HIGH   EXPLOSIVES. 

The  total  quantity  of  high  explosives  (other  than  permissibles) 
used  for  all  purposes  in  1921  was  170,952,402  pounds,  a  decrease  of 
more  than  58,000,000  pounds,  or  about  25  per  cent,  below  the  pre- 
vious year.  The  amount  sold  was  lower  than  in  any  previous  year 
since  1912,  when  annual  reports  of  sales  were  first  received  by  the 
Bureau  of  Mines. 

Of  the  total  sales  in  1921,  34,231,542  pounds,  or  20  per  cent,  was 
used  at  coal  mines,  whereas  other  kinds  of  mining  consumed  50,977,366 
pounds,  or  29.8  per  cent  of  the  total.  Railway  and  other  construc- 
tion work  used  18,317,333  pounds,  or  10.7  per  cent  of  the  entire 
production,  and  represented  the  only  class  of  work  using  an  increased 
quantity  of  high  explosives  during  the  past  year.  Miscellaneous 
purposes  consumed  67,426,161  pounds,  or  39.4  per  cent. 

As  compared  with  1920,  there  was  a  decrease  of  3,041,713  pounds 
of  high  explosives  used  at  coal  mines,  a  decrease  of  38,154,950 
pounds  for  other  mining,  an  increase  of  3,264,725  pounds  for  railway 
and  other  construction  work,  and  a  decrease  of  20,227,744  pounds 
for  miscellaneous  purposes.    • 

PERMISSIBLE    EXPLOSIVES. 

Sales  of  permissible  explosives  in  1921  aggregated  41,133,851 
pounds,  and  represent  not  only  a  reduction  of  nearly  13,000,000 
pounds,  or  about  24  per  cent  below  the  preceding  year's  record,  but 
also  a  lower  quantity  than  was  sold  either  in  1917  or  1918.  Except 
for  these  three  years,  however,  more  permissibles  were  sold  in  1921 
than  in  any  preceding  year.  They  are  fast  replacing  other  high 
explosives  and  black  blasting  powder  in  coal-mining  operations. 

Of  the  total  sales  of  permissibles  in  1921,  the  mining  industry  con- 
sumed 94.7  per  cent,  as  compared  with  90.7  per  cent  in  1920.  Coal 
mining  consumed  38,055,650  pounds  (92.5  per  cent)  and  other  mining 
used  881,710  pounds  (2.1  per  cent).  Railroad  and  other  construction 
work  used  only  262,545  pounds,  or  about  six-tenths  of  1  per  cent. 
104703°— 22 2 
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Miscellaneous  purposes  used  1,933,946  pounds,  or  4.7  per  cent  of  the 
total. 

The  quantity  of  permissibles  used  in  coal  mining,  though  about 
7,000,000  pounds,  or  15  per  cent,  lower  than  in  1920,  was  greater 
than  in  any  year  preceding  1920. 

The  quantity  of  permissibles  used  at  mines  other  than  coal  mines 
underwent  an  unusual  decline,  the  reports  showing  3,750,585  pounds 
in  1920  and  881,710  pounds  in  1921,  a  reduction  of  76  per  cent, 
brought  about  by  the  dormant  state  of  metalliferous  mining  during 
the  past  year.  Railroad  and  other  classes  of  construction  work  con- 
sumed practically  the  same  quantity  of  permissibles  as  in  the  pre- 
ceding year.  Consumption  for  miscellaneous  purposes  declined  59 
per  cent  or  from  4,723,621  pounds  to  1,933,946  pounds. 
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10  PRODUCTION"    OF   EXPLOSIVES   IN   UNITED   STATES,   1921. 

EXPLOSIVES  IN  COAL  MINING. 

Mining  operations  generally  consume  about  75  per  cent  of  all 
explosives  used  in  the  United  States.  Coal  mining  consumes  be- 
tween 80  and  85  per  cent  of  all  black  powder  and  permissible  explo- 
sives used  in  this  country,  and  about  15  per  cent  of  other  high  explo- 
sives. Other  mining  and  quarrying  operations  (excluding  coal 
mines  and  oil  and  gas  wells)  normally  consume  40  to  50  per  cent  of  all 
high  explosives  other  than  permissibles,  6  to  17  per  cent  of  permis- 
sible explosives,  and  3  to  4  per  cent  of  black  powder.  It  will  thus 
be  seen  that  most  of  the  explosives  used  in  mining  operations  are 
used  at  coal  mines.     (Tables  11  and  12.) 

The  main  purpose  of  the  Bureau  of  Mines  in  compiling  statistics 
of  explosives  is  to  show  the  extent  to  which  permissible  or  "safety" 
explosives  are  replacing  other  classes  of  explosives  in  mining  opera- 
tions and  the  influence  of  such  replacement  in  reducing  the  number 
of  mine  accidents  caused  by  explosives.  It  is  interesting,  therefore, 
to  note  the  relative  increase  or  decrease  in  the  consumption  of  each 
of  the  three  main  classes  of  explosives  at  coal  mines  as  compared 
with  the  production  of  coal.  Comparative  figures  since  1912,  given 
in  Table  5,  show  a  most  gratifying  increase  in  the  use  of  permis- 
sibles. For  every  thousand  tons  of  coal  produced  the  relative 
amount  of  permissibles  used,  as  compared  with  other  explosives,  has 
increased  126  per  cent  since  1912;  black  powder  has  decreased  19  per 
cent,  and  high  explosives  have  increased  77  per  cent. 

Tables  5,  6,  and  7  show,  for  the  different  coal  fields  and  regions,  the 
annual  production  of  coal  and  the  quantities  of  each  class  of  explo- 
sives sold  for  use  in  coal -mining  operations.  It  will  be  noted  that  in 
1902  only  11,300  pounds  of  short-flame  or  "safety"  explosives  were 
used  in  coal  mining,  whereas  in  1921  the  quantity  of  permissible 
explosives  so  used  was  38,055,650  pounds.  In  1912  the  quantity 
consumed  represented  about  5  per  cent  of  the  total  quantity  of 
explosives  produced  in  this  country,  and  in  1921  it  was  11.1  per 
cent.  The  total  amount  of  explosives  used  for  the  production  of 
coal  in  1921  was  212,623,067  pounds,  of  which  nearly  18  per  cent  was 
of  the  permissible  class.     (Tables  4,  5,  6,  7,  11,  and  12.) 
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Table  5. —  Yearly  sales  of  explosives  to  coal  mines  compared  with  yearly  production  of  coal. 


Production 

of  coal 
(short  tons). 

Pounds  of  explosives  sold  to  coal 
mines. 

Pounds  of  explosives  used  per  1,000  tons 
of  coal  mined  .o 

Year. 

Permis- 
sible ex- 
plosives. 

High  ex- 
plosives. 

Black 
powder. 

Permis- 
sible ex- 
plosives. 

High  ex- 
plosives. 

Black 
powder. 

Total. 

1901 

293, 299,  816 
301,  590, 434 
357,  356, 416 
351,816,398 
392,  722,  C35 
414,157,278 
480,  363, 424 
415,  842, 698 
460,814,616 
501,596,378 
496,  371, 126 
534,  466, 580 
570,  048, 125 
513,  525,  477 
531,  619, 487 
590,  098, 175 
651,402,374 
678,211,904 
553,  952,  259 
f>053,332,632 
c  494, 500, 000 

1902 

11,300 
288,  r,61 
608,270 
1,031,300 
1, 533,  575 
2, 095,  244 
2, 108,  610 
8, 942,  857 
11, 820,  836 
13, 428,  239 
18, 150,  618 
21,  804, 285 
19, 593,  892 
21. 841, 659 
26, 566, 521 
32,910,397 
37,  262, 915 
32, 840, 196 
45, 222, 130 
38, 055, 650 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

27 
34 
38 
38 
41 
45 
51 
55 
59 
69 
77 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1319 

20,  903,  430 
24, 143, 133 
24, 215,  945 
22,384,025 
20, 901,  405 
28, 262, 807 
31, 368, 073 
29,616,383 
37, 273, 255 
34,231,542 

187, 091, 000 
184, 917, 075 
176,  812,650 
167,  513, 950 
176,976,025 
235,  750, 300 
216,221,550 
153,  490, 125 

39 
42 
47 
42 
35 
43 
46 
53 
57 
69 

350 
325 
345 
315 
300 
362 
319 
277 
336 
284 

423 
405 
430 
398 
380 
456 
420 
390 

1920 

1921 

219,762,625 
140,335,875 

463 
430 

a  The  figures  show  the  relation  that  the  consumption  of  each  class  of  explosives  bears  to  the  total  quantity 
of  explosives  used  in  producing  coal;  except  in  the  last  column  they  do  not  indicate  the  quantity  of  coal 
broken  down  by  any  given  quantity  of  explosives. 

6  Excluding  product  of  wagon  mines. 

c  Estimated. 
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14  PRODUCTION   OF  EXPLOSIVES  IN   UNITED  STATES,   1921. 

MINE  FATALITIES  DUE  TO  EXPLOSIVES. 

Accidents  in  the  mining  industry  due  to  the  use  of  explosives 
during  the  past  ten  years  have  caused  4  to  9  per  cent  of  all  fatalities 
at  coal  mines,  9  to  14  per  cent  at  metal  mines,  and  13  to  26  per  cent 
at  quarries.  No  data  are  available  regarding  nonfatal  accidents 
at  coal  mines,  but  the  record  shows  that  only  1.6  per  cent  of  all 
injuries  at  metal  mines  and  about  2.8  of  those  at  quarries  have  been 
due  to  the  use  of  explosives.  For  every  fatality  due  to  explosives  / 
since  1911,  there  have  been  7.3  nonfatal  injuries  at  metal  mines 
and  7.8  nonfatal  injuries  at  quarries.  Considered  in  relation  to  the 
number  of  men  employed,  there  has  been  a  general  decline  in  the 
number  of  fatalities  from  explosives,  although  the  rate  has  fluctuated 
from  year  to  year,  as  shown  by  Table  8.  A  decrease  is  also  noted 
in  the  injury  rate  caused  by  explosives  at  quarries,  but  the  rate  for 
metal  mines  has  remained  nearly  stationary.  Fatalities  at  coal 
mines  since  1911,  are  presented  in  Table  9;  the  figures  show  that 
37  to  61  per  cent  of  the  fatalities  occurred  at  the  anthracite  mines 
in  Pennsylvania.  In  1919  the  figure  for  anthracite  mines  was 
abnormally  high  (149,  or  72  per  cent)  due  to  a  powder  explosion 
in  Baltimore  Tunnel  No.  2,  at  Wilkes-Barre,  on  June  5,  which  caused 
the  death  of  92  men. 

Table  10  shows  the  causes  of  fatalities  and  injuries  due  to  explosives 
in  the  mining  industry  in  1920.  About  40  per  cent  of  the  fatalities 
and  10  per  cent" of  the  injuries  were  due  to  premature  shots. 
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16  PRODUCTION    OF   EXPLOSIVES  IN   UNITED   STATES,   1921. 

Table  9. — Coal-mine  fatalities  underground  due  to  explosives,  1911-1921. 


States. 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

Pennsylvania  (anthracite) 

Pennsylvania  (bituminous) 

88 
6 
3 

15 
3 

15 

6 

4 
3 

77 
8 
8 

11 
5 
3 

6 
14 

1 
10 

2 

1 

1 

75 
4 
8 

11 
6 
5 

2 
6 

7 
2 

4 
5 

3 

SO 
7 
5 
9 
2 

12 

2 

4 
4 

4 
4 

3 

79 
9 
6 

11 
3 

12 

10 
13 

4 

3 
5 

86 
10 
3 
6 
5 
10 

3 

9 
4 
3 

2 

1 

4 

55 
6 
6 
9 
4 

14 

3 
2 
3 

2 

2 
4 

50 
6 

14 

12 
8 

20 

5 
7 
3 
5 

1 

4 

« 149 
17 
6 
2 
10 
11 

3 
2 
1 
2 

2 

1 

49 
22 
12 
9 
9 
9 

6 
3 

4 

68 
15 
14 

11 

Ohio 

3 

Indiana  .Michigan,  and  Kentucky'. 
Alabama,  Tennessee,  Georgia,  and 

26 
9 

Iowa,  Kansas,  and  Missouri 

Colorado,  New  Mexico,  and  Utah. 

1 

Montana,    North    Dakota,    and 

4 
11 

2 

1 
3 

Arkansas,  Oklahoma,  and  Texas.. 

Alaska,  California,  Idaho,  Nevada, 

Oregon,  and  Washington 

3 

2 

Total  underground 

160 

147 

138 

146 

155 

146 

110 

135 

206 

127 

152 

a  Of  this  number,  92  men  were  killed  in  the  powder  explosion  in  Baltimore  Tunnel  No.  2,  Wilkes-Barre, 
Pa.,  on  June  5, 1919. 

Table  10. — Fatalities  and  injuries  due  to  explosives  in  the  mineral  industry,  1920. 

KILLED. 
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2 
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3 
12 

11 

56 

1 
1 

69 

"5" 

2 

13 

.... 

1 

21 
2 

36 

3 

127 

fi 

1 

2 

4 

6 

1  I....I    5 

6     15 

5 

15 

1 

Total     

3 

17 

24 

171 

INJURED. 


8 

(«) 
5 
1 

14 

8 

16 

5 

5 

13 

2 

13 

22 

13 

109 

214 

4 
3 

15 

17 

11 

4 

5 

18 

2 

22 

23 
36 

18 
2 

42 

67 
19 

6172 

627 

17 

27 

9 

5  1  18 

Total      

13 

195 

413 

a  Not  available. 

b  From  selected  returns  only.    Details  as  to  subdivisions  not  available  for  all  metal  mmes. 
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Table  11. — Percentage  of  explosives  used  for  various  purposes  in  the  United  States  during 

the  years  1915  to  1921. 


Coal 
mining. 

Other 
mining. 

Railway 
and  other 
construc- 
tion work. 

Allother 
purposes. 

Total. 

1921. 

P(T  cent. 
87.7 
20.0 
92.5 

Per  cent. 
2.9 
29.8 
2.1 

Per  cent. 
2.5 
10.7 
.7 

Pit  a  nt. 
6.9 
39.5 
4.7 

Per  cent. 
100  00 

100  00 

Total 

57.1 

15.2 

6.1 

21.6 

100  00 

1920. 

86.2 
16.3 
83.8 

3.4 
38.9 
6.9 

1.9 

6.6 
.  5 

8.5 

38.2 

8.8 

100.00 

100.00 

llK|    1,1) 

Total 

56.2 

18.9 

3.7 

21.2 

100.00 

1919. 

85.0 
14.9 
84.5 

3.5 
45.3 
6.4 

2.  S 

6.4 

.  5 

8.7 

33.4 

8.6 

loo.oo 

100.00 

100.00 

Total 

51.7 

23.6 

4.3 

20.4 

100. 00 

1918. 

87.7 
15.2 
80.9 

3.0 

49.6 

9.9 

2.2 

5.8 

.4 

7.1 
29.4 

8.8 

100.00 

100.00 

100  00 

Total 

57.1 

22.9 

3.5 

16.5 

100. 00 

1917. 

85.1 
10.8 
76.5 

3.4 
50.4 
14.2 

4.7 

7.8 
.2 

6.8 

31.0 

9.1 

100.00 

100.00 

100.00 

Total 

51.0 

25.4 

5.7 

17.9 

100. 00 

1916. 

82.1 

8.2 

76.6 

3.6 
51.6 
17.9 

5.0 

8.6 

.3 

9.3 
31.6 
5.2 

100.00 

100.00 

100.00 

Total 

44.4 

28.8 

6.5 

20.3 

100.  00 

1915. 

84.8 
9.5 

79.9 

3.4 
46.3 

17.  1 

3.6 

9.4 

.  5 

8.2 
34.9 
2.5 

100.00 

100.00 

100  00 

Total 

45.9 

26.1 

6.4 

21.5 

100. 00 

18 
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AMMONIUM  NITRATE  IN  PERMISSIBLE  EXPLOSIVES. 

At  the  close  of  the  calendar  year  1920  the  bureau  received  special 
reports  from  all  manufacturers  of  permissible  explosives  showing  the 
quantity  of  each  brand  of  permissible  sold  during  the  year.  Similar 
reports  have  been  received  for  1921.  A  study  of  the  reports  for  1920 
by  S.  P.  Howell,  explosives  engineer  of  the  Bureau  of  Mines,  showed 
that  90  per  cent  of  all  permissible  explosives  sold  during  1920  be- 
longed to  the  ammonium  nitrate  class  (Class  la).  The  total  quantity 
of  commercial  ammonium  nitrate  used  in  permissible  explosives 
during  1920  aggregated  31,831,000  pounds.  According  to  Mr. 
Howell,  the  reports  for  1921  show  that  "  93.5  per  cent  of  all  permissible 
explosives  sold  during  1921  belonged  to  the  ammonium  nitrate 
class  (Class  la).  The  total  quantity  of  commercial  ammonium 
nitrate  used  in  permissible  explosives  during  1921  aggregated  25,- 
381,500  pounds;  the  total  quantity  of  nitroglycerin  and  'modified' 
nitroglycerin  used  hi  permissible  explosives  aggregated  3,974,000 
pounds  for  the  manufacture  of  which  approximately  1,766,000 
pounds  of  glycerin  were  used.  By  'modified'  nitroglycerin  is  meant 
the  products  obtained  by  the  nitration  of  a  mixture  of  glycerin  and 
certain  compounds." 

MONTHLY  SALES  OF  EXPLOSIVES. 

Table  13  shows  the  monthly  fluctuations  in  the  sales  of  explosives 
during  the  past  two  years.  It  is  based  on  monthly  reports  by  manu- 
facturers who  are  members  of  the  Institute  of  Makers  of  Explosives. 
Most  of  the  manufacturing  companies  are  members  of  the  institute, 
and  their  sales  during  1921  represented  more  than  90  per  cent  of 
all  sales  of  black  blasting  powder,  92  per  cent  of  high  explosives 
(other  than  permissibles) ,  and  over  99  per  cent  of  permissible  ex- 
plosives. Reports  from  nonmembers  are  received  by  the  bureau  in 
the  form  of  an  annual  summary,  hence  it  was  not  possible  to  segregate 
on  a  monthly  basis  the  data  for  those  companies. 

The  standard  chosen  for  purposes  of  comparison  was  the  average 
monthly  sales  during  the  year,  and  this  quantity  was  rated  at  100. 
The  sales  for  each  month  were  then  calculated  as  a  certain  per- 
centage of  this  standard. 

An  examination  of  the  table  will  show  that  April  was  the  month 
of  lowest  sales  of  permissible  explosives;  it  was  also,  except  for 
March,  the  month  of  lowest  sales  of  black  blasting  powder  and  of  the 
production  of  bituminous  coal,  hi  which  branch  of  mining  these  two 
classes  of  explosives  are  so  largely  used.  Sales  of  "high"  explosives 
reached  the  lowest  point  in  December  and  coincide  in  this  respect 
with  the  smallest  production  of  anthracite  coal,  in  which  class  of 
mining  large  quantities  of  "high"  explosives  are  consumed,  although 
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that  industry  is  by  no  means  the  largest  consumer  of  high  explosives, 
most  of  the  quantity  manufactured  being  used  at  metal  mines  and 
for  general  industrial  purposes. 

Sales  of  permissible  explosives  reached  their  highest  mark  in 
January.  With  this  exception,  October  was  the  month  of  greatest 
activity  in  the  explosives  and  coal-mining  industries. 

Table  13. — Monthly  fluctuations  in  sales  of  explosives  and  in  production  of  coal,  1921 

and  1920. 

(Average  monthly  quantities =100  per  cent.) 


Month. 


Black  blast- 
ing powder. 

"High" 
explosives. 

Permissible 
explosives. 

Bitumi- 
nous coal. 

Anthracite. 

109.3 

93.0 

128.8 

118.7 

100.6 

87.5 

92.3 

83.8 

90.9 

104.5 

80.2 

105.0 

83.0 

89.5 

100.5 

80.4 

108.4 

78.8 

81.2 

104.5 

88.2 

105.6 

99.3 

98.2 

104.1 

103.7 

97.0 

105.0 

99.9 

112.0 

91.5 

89.1 

93.5 

89.5 

95.7 

109.4 

106.1 

100.8 

101.8 

103.  9 

113.4 

110.4 

98.6 

103.5 

96.7 

132.2 

114.0 

126.7 

128.9 

102.9 

118.6 

93.0 

106.1 

106.1 

93.1 

85.1 

85.6 

95.3 

91.3 

81.2 

109.1 

87.9 

99.9 

105.0 

102.2 

99.4 

103.1 

87.1 

86.5 

87.9 

107.6 

126.7 

98.4 

100.9 

105.8 

74.6 

107.0 

82.3 

81.8 

83.8 

95.2 

108.8 

94.7 

85.7 

107.2 

114.7 

107.5 

98.8 

94.4 

110.0 

109.2 

93.7 

103.5 

98.2 

111.3 

108.8 

120.6 

113.3 

104.3 

108.1 

92.6 

105.1 

116.6 

106.1 

a  62.  6 

108.4 

94.5 

115.1 

113.5 

108.7 

91.3 

74.4 

94.3 

110.0 

100.4 

89.1 

70.7 

96.2 

113.7 

112.1 

Total  coal. 


1921 

January , 

February 

March , 

April. 

May 

June 

July , 

August , 

September 

October , 

November 

December , 

1920 

January , 

February 

March , 

April 

May , 

June , 

July 

August 

September 

October , 

November 

December 


115.4 
93.3 
91.5 
85.3 
99.3 
102.0 
90.6 
102.2 
102.3 
124.2 
103.  S 
89.5 


104.6 
86.7 
101.6 
82.1 
88.7 
96.5 
100.0 
104.8 
100.1 
112.8 
108.7 
113.5 


a  A  strike  in  the  anthracite  field  restricted  output. 
EXPORTS  OF  EXPLOSIVES,  1913-1921. 

Table  14  shows  the  amount  and  value  of  explosives  exported  from 
the  United  States  during  the  years  1913  to  1921,  inclusive.  The 
tabulations  of  exports  do  not  segregate  such  explosives  as  picric 
acid,  nitroglycerin,  trinitrotoluene,  and  others.  These  are  grouped 
in  the  column  headed  "All  other." 

Table  15  shows  the  amount  and  value  of  explosives  exported  from 
the  United  States  during  1921  and  the  countries  to  which  the  ship- 
ments were  made. 
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24  PRODUCTION    OF   EXPLOSIVES   IN    UNITED  STATES,   1921. 

PUBLICATIONS  ON  INVESTIGATIONS  OF  EXPLOSIVES. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until  the 
edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  re- 
quested to  limit  their  selection  to  publications  that  may  be  of  especial 
interest  to  them.  Requests  for  publications  should  be  addressed 
to  the  Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS    AVAILABLE    FOR    FREE    DISTRIBUTION. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.     1911.     61  pp.,  10  pis.,  12  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  operations, 
by  Clarence  Hall  and  S.  P.  Howell.     1914.     50  pp.,  3  pis.,  7  figs.. 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence 
Hall  and  S.  P.  Howell.     1913.     73  pp.,  7  pis.,  5  figs. 

Bulletin  80.  A  primer  on  explosives  for  metal  miners  and  quarrymen,  by  C.  E. 
Munroe  and  Clarence  Hall.     1915.     125  pp.,  51  pis.,  17  figs. 

Bulletin  96.  The  analysis  of  permissible  explosives,  by  C.  G.  Storm.  1916. 
88  pp.,  3  pis.,  7  figs. 

Bulletin  137.  The  use  of  permissible  explosives  in  the  coal  mines  of  Illinois,  by 
J.  R.  Fleming  and  J.  W.  Koster.     1917.     106  pp. 

Bulletin  196.  Coal-mine  fatalities  in  the  United  States,  1919,  and  coal-mine 
statistics  supplementing  those  published  in  Bulletin  115,  with  List  of  permissible 
explosives,  lamps,  and  motors  tested  prior  to  Jan.  31, 1920,  by  A.  H.  Fay.    1920.    86  pp. 

Bulletin  198.  Regulation  of  explosives  in  the  United  States,  by  C.  E.  Munroe. 
1921.     45  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     19  pp. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.     1912.     20  pp.,  11  figs. 

Technical  Paper  78.  Specific  gravity  separation  applied  to  the  analysis  of  mining 
explosives,  by  C.  G.  Storm  and  A.  L.  Hyde.     1914.     14  pp. 

Technical  Paper  89.  Coal-tar  products  and  the  possibility  of  increasing  their 
manufacture  in  the  United  States,  by  H.  C.  Porter,  with  a  chapter  on  coal-tar  products 
used  in  explosives,  by  C.  G.  Storm.     1915.     21  pp. 

Technical  Paper  125.  The  sand  test  for  determining  the  strength  of  detonators, 
by  C.  G.  Storm  and  W.  C.  Cope.     1916.     68  pp.,  2  pis.,  5  figs. 

Technical  Paper  145.  Sensitiveness  to  detonation  of  trinitrotoluene  and  tetrani- 
tromenthylanilin,  by  G.  B.  Taylor  and  W.  0.  Cope.     1916.     11  pp. 

Technical  Paper  160.  The  determination  of  nitrogen  in  substances  used  in  explo- 
sives, by  W.  C.  Cope  and  G.  B.  Taylor.     1917.     46  pp.,  1  pi.,  4  figs. 

Technical  Paper  162.  Initial  priming  substances  for  high  explosives,  by  G.  B. 
Taylor  and  W.  C.  Cope.     1917.     32  pp. 

Technical  Paper  186.  Methods  of  routine  work  in  the  explosives  physical 
laboratory  of  the  Bureau  of  Mines,  by  S.  P.  Howell  and  J.  E.  Tiffany.     1918.     63  pp. 
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Technical  Paper  210.  An  analytical  method  for  detecting  blown-out  shots  in  coal 
mines,  by  G.  F.  Hutchinson  and  J.  Barab.     1919.     22  pp. 

Technical  Paper  234.  Sensitiveness  of  explosives  to  frictional  impact,  by  S.  P. 
Howell.     1919.     17  pp.,  2  pis.,  1  fig. 

Technical  Paper  243.  Development  of  liquid  oxygen  explosives  during  the  war, 
by  G.  S.  Rice.     1920.     46  pp.,  2  pis.,  6  figs. 

Technical  Paper  291.  The  production  of  explosives  in  the  United  States  during 
the  Calendar  Year  1920,  by  W.  W.  Adams.     1921.     44  pp.,  4  figs. 

Miners'  Circular  7.  Use  and  misuse  of  explosives  in  coal  mining,  by  J.  J.  Rut- 
ledge,  with  a  preface  by  J.  A.  Holmes.     1913.     52  pp.,  8  figs. 

Miners'  Circular  19.  The  prevention  of  accidents  from  explosives  in  metal  min- 
ing, by  Edwin  Higgins.     1914.     16  pp.,  11  figs. 

PUBLICATIONS  THAT  MAY  BE  OBTAINED  ONLY  THROUGH  THE  SUPERIN- 
TENDENT OF  PUBLIC  DOCUMENTS. 

Bulletin  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.     1912.     34  pp.,  5  pis.,  4  figs.     10  cents. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  0.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pitts- 
burgh, by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.  1911.  197  pp., 
7  pis.,  5  figs.     25  cents. 

Bulletin  51.  The  analysis  of  black  powder  and  dynamite,  by  W.  O.  Snelling  and 
C.  G.  Storm.     1913.     80  pp.,  5  pis.,  5  figs.     10  cents. 

Bulletin  66.  Tests  of  permissible  explosives,  by  Clarence  Hall  and  S.  P.  Howell. 
1913.     313  pp.,  1  pi.,  6  figs.     25  cents. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O.  Snell- 
ing and  C.  G.  Storm.     1912.     14  pp.,  1  pi.,  2  figs.     5  cents. 

Technical  Paper  L8.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     34  pp.,  1  pi.,  5  figs.     10  cents. 

Technical  Paper  69.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1912,  compiled  by  A.  H.  Fay.     1914.     8  pp.     5  cents. 

Technical  Paper  146.  The  nitration  of  toluene,  by  E.  J.  Hoffman.  1916.  32  pp. 
5  cents. 

Technical  Paper  159.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1915,  with  notes  on  coal-mine  accidents  due  to  explosives,  and  a  list 
of  permissible  explosives,  lamps,  and  motors  tested  prior  to  June  1,  1916,  compiled 
by  A.  H.  Fay.     1916.     24  pp.     5  cents. 

Technical  Paper  169.  Permissible  explosives  tested  pri«r  to  Jan.  1,  1917,  by  S.  P. 
Howell.     1917.     19  pp.     5  cents. 

Technical  Paper  175.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1916.  by  A.  H.  Fay.     1917.     24  pp.     5  cents. 

Technical  Paper  192.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1917,  with  notes  on  coal-mine  accidents  due  to  explosives  and  list  of 
permissible  explosives  tested  prior  to  Apr.  30,  1918,  by  A.  H.  Fay.     191S.     5  cents. 

Technical  Paper  231.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1918,  by  A.  H.  Fay.     1919.    21pp.    Scents. 


